For more than ten years image intensification has been playing an increasing part in the field of X-ray diagnosis. It has allowed deeply seated structures in the body to be seen clearly without previous dark adaptation of the eyes and in conditions of subdued room lighting. Moreover this can be effected with less dose to the patient, the radiologist and other observers.
The Use of the Image Intensifier in Urology Dr J J Stevenson (London) For more than ten years image intensification has been playing an increasing part in the field of X-ray diagnosis. It has allowed deeply seated structures in the body to be seen clearly without previous dark adaptation of the eyes and in conditions of subdued room lighting. Moreover this can be effected with less dose to the patient, the radiologist and other observers.
Urological surgeons are well aware of the application of this new advance to their own specialty and although they may not yet have the equipment in their own centres they have had the opportunity of seeing it in use elsewhere. However, some have been hesitant to advise hospital authorities to spend a large amount of money on equipment which might have only limited applications, and upon the performance of which they had, themselves, certain misgivings. Those who wished to make a special study of inflammatory conditions in the kidney, obstructions at the pelviureteric junction, movements of the ureter, vesicoureteric reflux and the mechanisms at the bladder neck would have had to support the additional cost of cine-radiography. This addition might throw a considerable strain upon an already overworked X-ray department and would demand particular skill and virtuosity on the part of the radiologist concerned. Nevertheless, many of the larger centres have such equipment to-day and others are following.
We have been fortunate at the Institute of Urology to have had major facilities for image intensification and cine-radiography for several years and I have similar installations in two of my other departments. It is sometimes difficult when one has embarked on such projects to admit, especially to others, certain deficiencies which become increasingly apparent as time goes on. I refer particularly to the reflecting viewer part of the optical system of the type of intensifier most commonly used in this country. This is rather cumbersome and the exit pupil of light is so narrow that only one eye can be used for viewing. Too much light in the room causes loss of detail and it requires a special attachment for more than one observer to see at the same time. Although the image is bright and the intensity can be altered it is not possible to vary the contrast, thus fine detail may be missed completely. The 5 in. diameter of the screens of our early tubes only covered about 3 in. of a kidney or bladder on account of the magnification involved and this was barely sufficient.
The advantages of a television link have long been realized, and in 1952 at the Royal Marsden Hospital we made our first experiments. The results were poor, but we found that the system worked, and later at the Royal College of Surgeons in 1955 we again demonstrated the possibilities of the method. Limitations inherent in the intensifier tubes then available did not appear to make development worth while, but in 1959 when larger and more suitable tubes were about to appear we purchased the first of our camera chains in order to learn the new technique so that when we added television to our new 7 in. and 9 in. intensifiers last year relatively little trouble ensued.
The television equipment consists of a small camera which is attached to the image intensifier and two control units which together with an 8 in. monitor are accommodated in a movable console cabinet (Fig 1) . The controls are relatively simple and our difficulties have been no greater than we expected. We have fitted a 14 in. monitor to a wall bracket which is more convenient for viewing with the patient supine and the hospital has been wired so that the picture can be transmitted to the operating theatre, lecture room or radiologist's office.
In urology as well as in the gastro-intestinal tract the facility of viewing the image in comfort on the monitor has been greatly appreciated while the ability to alter contrast at will allows much more detail to be seen. Indeed the improvement has been so great that we are now using the tele- Our patients are generally sent to the X-ray department for ascending pyelography with the ureteric catheter in situ and by means of the monitor in the operating theatre the surgeon can clearly see details of the kidney at the same time as the radiologist. The dose to the patient is relatively low and rarely exceeds 1 or 2 r/minute. Every effort is made to shield the gonads as much as possible. Other applications of television have been selective biopsy of metastatic lesions in bone, removal of ureteric calculi with a stone extractor, selective renal biopsy, aspiration of renal cysts and controlling the insertion of a cannula into the hypophysis for the purpose of introducing radioactive material. By means of a portable intensifier with television small renal calculi and debris have been removed in the operating theatre.
While the amount of cine-radiography has decreased, we have sought a method whereby this could be carried out without exchanging cameras and without in any way affecting the fluoroscopic picture. In order to film the monitor screen a special two-speed synchronous motor has been attached to our 35 mm cine camera and a phaseshifting transformer constructed so that the bands on the monitor shall not become visible on the film as the raster changes. We have not yet used this very much and the picture quality is inferior to that of the direct method. However, the results are promising and there is a considerable saving in dose.
The attractive possibility of electronically storing the televised image has long been envisaged (Mayneord 1955) by being able to continue to display it on a monitor for some minutes after the X-rays have been switched off. Thus, details of a kidney may be studied at leisure and in consultation, without further irradiation of the patient and without waiting for a film to be developed. This apparatus has been constructed in the Physics Department of the Royal Marsden Hospital using the English Electric E702 storage tube and has been more fully described elsewhere (Stevenson 1961) .
Being a new development, detail is again not so good as on the conventional monitor but it is quite sufficient for the insertion of radioactive implants. There is little doubt that other techniques giving improved quality will become available during the next few years.
Dr Frank Greenwood (Uxbridge)
Television Cine-radiography Most radiologists have long welcomed consultation about X-ray films with their clinical colleagues and have benefited greatly from it. Consultation during screen examination has, however, been much more rare owing to the difficulty of simultaneous viewing and the excess radiation to the patient which any lengthy fluoroscopy has entailed. This difficulty was partially solved by the advent of the image intensifier with its reduced dosage but, even with mirror optics, viewing was still limited to two observers and was far from ideal. Television has provided an obvious and long-sought solution to the problem and moreover, by the use of remote monitors, is ideal for teaching purposes.
The development of television for fluoroscopy has proceeded on two distinct lines. In one, the image intensifier is retained and a Vidicon camera scans the output phosphor: in the other, the intensifier is omitted and an Orthicon camera Fig 1 shows the basic differences between the two systems. It will be appreciated that the Vidicon camera is essentially an industrial development whereas the Orthicon is a very high grade precision instrument used in the difficult conditions of outside broadcasting. For this particular work the Orthicon camera has been modified from the standard television type by incorporating a wider target to mesh spacing in order to get a greater sensitivity. The Orthicon camera is more complex and therefore more expensive than the Vidicon and one obviously needs to find good reasons for using this and discarding the great light gain (over a thousand times) given by the image intensifier.
The three main advantages of the Orthicon camera system are:
(1) The increase in the size of the field from a circular one of 64 sq. in. (the largest practicable with the intensifier) to a rectangular field of 110 sq. in. This increase is obviously of less importance in urology than in thoracic or cardiac work.
(2) The increased definition of the monitor which is obtained by (a) the much more elaborate construction of the Orthicon tube and the increase in size of its photocathode to 4j in. as against 1 in. diameter of the Vidicon and (b) the elimination of a complete light-electron-light sequence in the intensifier. Though this sequence increases the brilliance, definition is lost in the same way as it is lost when printing from a negative in photography.
(3) The improved grey scale and the adoption of a 1,024-line system in place of the 625-line type.
Obviously certain disadvantages must be put in the other scale. These are:
(1) Expense.
(2) The greater bulk of the equipment, though this is to a large extent capable of being offset by good engineering.
(3) Restriction of cinematograph work to filming from the television monitor. This necessitates phasing the camera speeds to the cycles of the input main to avoid stroboscopic effects. Fortunately two possible speeds -25 and 162 frames per secondare almost identical with sound and silent projection speeds.
The apparatus has great versatility: the monitor can show either negative or positive images, the image can be magnified by 2 by the Orthicon camera and can be inverted. Inversion of the image is not of great importance in pyelography unless an extreme Trendelenburg position is required but for femoral arteriography or cardiac catheterization it does allow approach to either limb from the free side of the table and viewing or filming without inversion of the image. Finally, by using a lens of 25 instead of 15 mm focal length the film image can be further magnified by 2.
On general principles it is essential that costly apparatus of this type which will certainly not be in use throughout the day should be readily detachable from a standard X-ray table, which can then be used for routine work in the department, and because very many patients having gastro-intestinal examinations will require ordinary films rather than cine-radiography the screen carriage should have facilities for the exposure of ordinary radiographs and a serial device and compression cones. This applies to a large extent also to urological work. This is best achieved by ceiling mounting of the whole lens and Orthicon system so that it can be readily replaced by a conventional fluoroscopic screen. By doing this it is also possible to use the table for standard radiography with an overhead tube. In cases of hydronephrosis, cine-radiography demonstrates the surprising degree of activity persisting in both the dilated calyces and the uretera point which had not been appreciated when standard radiography was employed. The converse of this is shown in tuberculous lesions where dye will remain in an affected calyx despite very active peristaltic activity of the other calyces. Experimental work designed to illustrate the variations of radiographic technique possible with this apparatus, such as reversal, inversion and magnification of the image, has been carried out using the post-mortem kidney filled with barium. One classic example of pyelovenous backflow was noted. The pressure of the fluid injected into the ureter in this case was very low but attempts to repeat this were quite unsuccessful even though very high pressures were used. This may be of interest in view of the diverse views held of the nature of pyelovenous backflow.
[Films were shown to illustrate these points.]
Negative film can be processed in the X-ray department and viewed within about two hours.
Using this film and a positive monitor image probably gives the greatest radiographic detail but, when the X-ray beam is coned or shuttered down, the surrounding unexposed area of the film is very distracting. Printing in positive eliminates this but the cost is high and it may be found equally satisfactory to film the negative screen image or to use reversal film.
The polarized phased motor, camera and gears (Fig 2) , together with the television monitor, can be installed outside the X-ray room thus saving space and eliminating noise. Additional monitors can be placed in other parts of the hospital at distances up to 1,000 ft from the X-ray room. As regards future developments; 70 mm or 100 mm still films can certainly be taken by substituting the appropriate camera for a cine-camera.
There are two other fascinating possibilities: (1)
Recording by videotape.
(2) The use of a storage tube for later viewing of a television image. We are, I am sure, only in the early stages of a most interesting new era in radiology.
Mr Howard G Hanley (London) Dr Stevenson and Dr Greenwood have presented the technical and radiological aspects of the two major systems of X-ray intensification available to-day. The purpose of this paper is to present a balanced or even restrained assessment of the value of this new radiological advance to the practising urologist, and where possible to indicate the pros and cons of various techniques from the clinician's point of view. I must commence by expressing my gratitude and appreciation to both Dr Stevenson and Dr Greenwood, for it is obvious that I am fortunate indeed to have had the privilege of working with the two accepted authorities on this new radiological development.
This raises perhaps the most important necessity from the urologist's point of view, which is, cordial relationship with the X-ray department. It would be a great mistake to imagine that once an image amplifier has been installed in a hospital, the urologist can immediately benefit from the undeniable advantages of this apparatus without a considerable amount of personal effort and attention. Unless the urologist is prepared to devote the time to the apparatus himself, he might just as well do without it, because the chief value of the whole principle is for him to see for himself what is happening in the calyces, pelvis, ureter, bladder and urethra, not to rely on what some other person tells him he has seen. This means that the apparatus must be conveniently accessible. Ideally, it should be possible to perform cystoscopies and other minor surgical procedures in the X-ray department, for only by this means will the great advantages of fluoroscopy be fully realized. Failing this, and a poor second, the apparatus must be situated close to the operating theatre, but both possibilities emphasize the importance of the closest co-operation between radiologist and clinician.
Patient dosage: For the urologist, the longdesired ability to see and study the dynamics of the urinary tract has at last been achieved with relative safety. It is important, however, to note the phrase 'relative safety'. It must be realized that although the X-ray dosage received by the patient is considerably reduced by screening with an amplifier as compared with conventional fluoroscopy, it is still not negligible. The important point is that a much greater amount of accurate information may be obtained for a given X-ray dosage when using amplification. The great danger is that one becomes engrossed in what one is seeing and unless strict precautions are taken the patient may receive more, not less irradiation.
However, in selected cases, and it must be remembered that the system should only be used in selected cases, the ability to watch the movements of the urinary tract or to perform special procedures under visual control, has opened up a new chapter of diagnosis and therapy in urology, quite apart from the already recorded achievements in teaching and research (Hanley 1958 (Hanley , 1959 (Hanley , 1960 .
Types of apparatus: The various types of apparatus are not all equally convenient from the urologist's point of view; some are most unsuitable. The basic essentials are that it should be possible to view with both eyes in comfort, with-39 Fig 1 The Orthicon camera unit is suspended over the table in such a way that continuous fluoroscopy is possible whilst the patient is being tilted into the vertical position. This is a most valuable facility when studying the emptying of the renal pelves and ureters. When the table is requiredfor conventional radiography, the whole amplifier unit can be detached and moved out of the way on the overhead rail. The special 1,024-line monitor tube, which is adjustable for height and direction, is seen on the left out having to climb into awkward positions, and that at least two people must be able to view simultaneously. It must be possible to take immediate spot films without movement of patient or apparatus, and if one is going to make use of the cine camera, it must be possible to change from viewing to spot film to cine work with ease and rapidity. All of these requirements are met by the most modern forms of apparatus, while the television monitor has extended the possibilities beyond our first thoughts (Fig 1) .
Size of field: The old so-called 5 in. tube was frequently too small to visualize the whole of one large kidney, but tubes with a field of 7 or 9 in. are now available while the Marconi Orthicon system has a 12 in. field which adequately covers both kidneys simultaneously (Hanley et al. 1961 ).
However, agreeable as a very large field may be, those who do not possess a modern tube should not be too depressed. The urologist can only watch one kidney at a time even if two appear on the screen simultaneously, and the present 7 in. tube at St Paul's Hospital has a satisfactory field for most urological purposes. In practice more valuable information can be obtained by 'panning' over the tract using a small field than by trying to see too much at the same time on a large field, while in general the smaller the field the sharper the picture.
Clinical Applications
Much has been written about the various uses of the intensifier in urology, but it must be repeated that regardless of the technical abilities of the apparatus, unless it is simple and accessible to the urologist, it will not be used to its full advantage.
Excretion pyelography: In spite of improvements following the introduction of the newer tri-iodine compounds, the value of intensification in excretion pyelography is limited by the relatively poor contrast of the medium excreted by the kidney. This means that the standard I.V.P. examination is still required in the preliminary assessment of every case. However, having made this preliminary survey there are occasions when screening under the amplifier may give most valuable added information, particularly in children and thin persons. Using double-dosage injections of Hypaque it has been possible to study the emptying from the pelvi-ureteric junction in doubtful cases of hydronephrosis thereby distinguishing between a tonic junction and a true obstruction, without the complicating factor of a foreign body in the form of a ureteric catheter. On occasion a micturating cystogram in a child may be possible without the necessity of catheterization. In general, however, one seldom uses the amplifier in routine excretion pyelography, although its value in the localization of special areas of the kidney, either for renal biopsy or the aspiration of large cysts, &c., is obvious (Fergusson & Stevenson 1960) .
Retrograde pyelography: Ascending pyelography has been completely revolutionized by the ability to watch the pelvis whilst it is being filled. Not only can the dynamics be studied during this filling phase, but a spot film can be exposed at the correct moment thus avoiding the frustration and danger of underor over-filling respectively. When the spot film has been developed the catheter is withdrawn and the emptying pattern of the pelvis can be studied so that the maximum amount of information is obtained in the minimum time. The quality of the spot film is excellent while the additional information to be obtained from the visual screening is such as to make one wonder how it was ever possible to do without these facilities which will surely become standard urological practice in the future.
Other Specialized Uses Cystography: Considerably more valuable information has been obtained from a micturating cystogram since we have been able to watch the process as it occurs (Hanley et al. 1961) . Transient ureteric reflux, which is not uncommon, may be missed by a series of spot films, but can be clearly seen on the screer This is one type of investigation which is greatly helped by a cine film record.
Renalpuncture: During the course of an excretion pyelogram the contrast obtained may be insufficient to show fine detail of the calycine pattern on a monitor screen, but it is more than enough for accurate localization, so that renal biopsy from any chosen area of the kidney becomes a simple procedure.
Similarly the aspiration of renal cysts can now be carried out with great accuracy, but a note of caution is necessary here. When the diagnosis of solitary or even large multiple cysts is certain, aspiration is a safe and effective treatment. The distortion of the calycine pattern is decreased and this has been maintained in all of our cases which we have been able to follow up (in one patient for as long as five years). However, even though aspiration is the most accurate form of diagnosis available to-day it is questionable whether it is justifiable for purely differential diagnostic purposes. If the diagnosis is wrong it cannot possibly be a good thing to insert a needle into a renal tumour, even if an immediate nephrectomy is contemplated. A personal experience of thirteen aspirations so far has been instructive. In each case the presumptive diagnosis of a cyst was confirmed by a very experienced radiologist. In two patients the diagnosis was in some slight doubt, and, in fact, solid tumours were found on aspiration. It is interesting to add that in one of these patients a subsequent aortogram showed all the appearances of a cyst, but surgery proved it to be a tumour. In another patient, the fluid aspirated was at first clear, but became blood stained during the course of the investigation, and this subsequently proved to be a carcinoma in the base of a cyst. A further patient, with an irregular-shaped cyst which was subsequently shown to have a small tumour inside it, had clear fluid on aspiration. The presence of clear fluid may therefore be no proof of the absence of a neoplasm and it would appear that in spite of being able to aspirate cysts under direct visual control, a spacefilling renal lesion must still be explored if there is even the remotest doubt about the diagnosis.
Operating theatre use: One advantage of the small mobile intensifier tube is that it can be used, perhaps in conjunction with a second tube, for localization in two planes, and Mr J D Fergusson and others use this principle regularly for the introduction of yttrium grains into the pituitary fossa in prostatic cancer cases.
A small portable tube can also be used in the operating theatre for the localization of renal calculi, but the value ot the method is limited by the density and size of the stone. One requires such help, not for large stones, but for the localization of small concretions or fragments left behind, and it is in such cases that the intensifier is of least value. Improvement will undoubtedly occur as newer forms of apparatus are devised, but at the moment a small X-ray film in contact with the exposed kidney remains the best way of pin-pointing these small particles.
Cine-radiography It should be clearly understood by urologists that at the present time there is a great division between the very obvious advantages of visual screening and the much more complex problems associated with a cine camera. We have now had considerable experience with cine-pyelography using 35 mm and 16 mm cameras, both of which originally had advantages and disadvantages.
However, the high cost of 35 mm film, and the fact that it generally requires to be processed professionally and reduced to 16 mm before it can be projected in a hospital, are very great disadvantages. On the other hand 16 mm film can be processed and projected in the X-ray department within a few hours of exposure, while the modern system of photographing the television monitor provides abundant light and contrast so that finegrain film can be used, and there would now appear to be no advantage in using 35 mm film.
There is no doubt that cine-radiography is a most valuable adjunct to X-ray intensification, and in certain specialized instances a cine-film record of the dynamics of a pelvis, ureter or bladder may be invaluable, while for research and teaching purposes the cine camera has opened up a whole new vista of urological thought.
Nevertheless, the cine work is time-consuming and frustrating owing to the number of things which can go wrong and one would be well advised to use the camera regularly or not at all, because its casual use will rarely produce a film of the one special case just when required.
In order to achieve the full benefit from a cine camera it must therefore be used regularly in a busy department, because only then will it be ready and available at short notice. As already stated for research and teaching purposes the camera is invaluable, but it must be repeated that for routine clinical work it is seldom called for. The essential factor is the ability to see clearly with both eyes some form of screen or monitor, and to be able to take good quality spot films at a moment's notice.
In conclusion one would say that, although simple visual screening during pyelography will certainly become routine urological practice, cine-pyelography may remain the perquisite of the larger research or teaching units.
Parts of Dr Greenwood's and Mr
Hanley's papers have already appeared in the British Medical Journal (1961, i, 1310) and are reproduced by kind permission of the Editor.
Meeting March 23 1961
The following cases and specimens were shown: 
